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Abstract 
Various pseudo functions or general functions were introduced into multidimensional flow in turbo machinery 
aerodynamics to simplify governing equations, but in fact little progress has been made in the use of pseudo functions 
for numerical simulation. The difficulty of using pseudo functions for numerical calculation is discussed in the paper. 
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1. Introduction 
The numerical calculation of partial differential equations for multidimensional flow is very 
complicated. For the purpose of reducing variable number of governing equation, various special 
functions were introduced to multidimensional flow in different situations, such as the well-known 
potential function in irrotational flow and stream function in plane flow. 
Due to the restriction conditions of the existence of potential function, and the nonexistence of the 
stream function for 3-D flow, the original variables have to be used in numerical simulation in most cases. 
In order to simplify governing equation for numerical calculation, researchers went on in an effort to find 
some streamlike functions [1-5]. For the sake that their existence and uniqueness of these functions have 
not yet been proved mathematically, these functions are also referred to as pseudo functions, general 
functions, or others. These functions, such as pseudo-stream function and pseudo-potential function [6-8], 
were applied to multidimensional flow in turbomachinery aerodynamics for theoretical analysis decades 
ago.
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 Though the pseudo functions have been presented for a long time, we have hardly found related 
literatures about the application of pseudo functions for numerical calculation. Through comparing 
pseudo-stream function with stream function we can find that the transformation between original 
variable and pseudo-stream function is irreversible and non unique, which should be one of the main 
reasons for the failure in the numerical calculation. Here, the comparison of pseudo stream function with 
stream function will be taken as an example to illustrate above opinions. 
2. Discussion on the pseudo function  
The method to introduce pseudo function is mainly by expressing governing equation in conservative 
form and using some vector formulations. Take the following equation as an example 
0=•∇ WG                                            (1)
According to vector formulation, the following equation can be satisfied for any vector A
G
0)( ≡×∇•∇ AG                                      (2)
If the vector W
G
 is taken as  
AW
GG ×∇=                                         (3)
Eq. (1) is satisfied automatically. Further, letting vector A
G
 be in the following form 
21 ψψ ′∇′=A
G                                   (4)
we have  
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So the vector W
G
 can be written as   
21 ψψ ′∇×′∇=W
G
                                   (6)
The pseudo-stream function ψ1, ψ2 for 3-D steady flow in turbomachine can be introduced by taking 
the same steps. 
The continuity equation for 3-D steady flow can be expressed in conservative form as  
0)( =•∇ VGρ                                     (7)
Introducing 
21 ψψρ ∇×∇=V
G
                                  (8)
Equation (7) is satisfied automatically. Equation (8) in Cartesian coordinates is 
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Where, the functions ψ1 and ψ2 are referred to as pseudo-stream function or two stream functions, and 
ψ1 =c1and ψ2 =c2 form two orthogonal streamsheets (see Fig.1). Vector V
G
 denotes the velocity. U, V and 
W are the x, y and z components of velocity respectively. ρ  is gas density.  
Fig. 1 Two orthogonal streamsheets 
Another expression [5] which satisfies Eq. (7) is     
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A more general method to structure general function is given in the paper [9] 
     A comparison of pseudo-stream function with stream function in plane flow is made as follow:  
For plane flow, the continuity equation is 
0=∂
∂+∂
∂
y
v
x
u ρρ                                                                  (12)
Introducing  
y
u ∂
∂= ψρ ,
x
v ∂
∂−= ψρ                                                             (13)
Equation (12) is satisfied automatically. The existence and the uniqueness of the stream function ψ 
have been proved mathematically. 
There is a one-to-one correspondence among the function ψ, velocity component u and v. By the 
following express 
)( vdyudxdy
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We can obtain the value of ψ  by integrating Eq.(14) using the known velocity component u and v.
Likewise, if the function ψ  is known, we can obtain the velocity component u and v by computing the 
partial derivatives of ψ  with respect to y and x respectively through Eq. (13). 
As for two stream functions, in order to obtain functions 1ψ and 2ψ by the following express: 
dz
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six partial derivatives of ψ1 and ψ2 with respect to x, y and z respectively must be known in advance, i.e.,  
the above partial derivatives must be expressed by the known velocity components U, V and W.  However, 
there are only three equations (see Eq.(10)) which can be used to solve the above six partial derivatives, 
thus it is impossible to implement the transformation and then to obtain the values of ψ1 and ψ2 by known 
velocity field. In other words, this transformation among variables U, V, W, ψ1 and ψ2 is irreversible. 
Furthermore, it is also difficult to express the initial and boundary conditions described by the original 
variables (known velocity component U, V and W) in terms of ψ1 andψ2 for the same reason. In addition, 
both Eq. (10) and Eq. (11) fitting Eq. (7) means the pseudo function is not unique.  
3. Conclusions 
The reversibility and uniqueness of the transformation between introduced function and original 
variable are key factors, or else it will limit their application and lead to fail in numerical calculation. So, 
it is in need of getting more attention to satisfy above requirements by researchers who are keen on 
introducing these pseudo functions into multidimensional flow. 
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